(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



01) EP1 100 041 A2 

EUROPEAN PATENT APPLICATION 



/ A OX 

(43) 


Date of publication: 


(51) IntCI.': GOoK 1l/0o 




16.05.2001 Bulletin 2001/20 




(21) 


Application number: 00309832.4 




(22.) 


uaie or Tiling, uo. i i.zuuu 




(84) 


Designated Contracting States: 


(72) Inventor: Ogawa, Yasuji 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Kitakatsushika-gun, Saitama 349-1103 (JP) 




MC NL PT SE TR 






Designated Extension States: 


(74) Representative: Hallybone, Huw George 




AL LT LV MK RO SI 


CARPMAELS AND RANSFORD 






43 Bloomsbury Square 


(30) 


Priority: 11.11.1999 JP 32048399 


London WC1 A 2RA (GB) 


(71) 


Applicant: Newcom Inc. 






Kuki-shi, Saitama 346-0002 (JP) 





(54) Optical digitizer with function to recognize kinds of pointing instruments 



(57) An optical digitizer which has a function to rec- 
ognize kinds of pointing instruments, allowing an input 
by a finger (20) or by a pen (2), is provided. The optical 
digitizer includes: a light source (31 ,32) to emit a light 
ray; an image taking device (13) which is arranged in a 
periphery of a coordinate plane (1 ), and which converts 
an image of the pointing instrument into an electrical sig- 
nal after taking an image of the pointing instrument by 
using the light ray of the light source; a computing device 
(7) to compute the pointing position coordinates after 
processing the converted electrical signal by the image 
taking device; a polarizing device (41 ,42) to polarize the 
light ray emitted by the light source into a first polarized 
light ray or a second polarized light ray; a switching de- 
vice (35) to switch the irradiating light on the coordinate 
plane to the first polarized light or the second polarized 
light; a retroreflective material (4) with retro reflective 
characteristics, which is installed at a frame of the coor- 
dinate plane; a polarizing film (40) with a transmitting 
axis which causes the first polarized light ray to be trans- 
mitted; and a judging device (8) to judge the pointing 
instrument as the first pointing instrument when the im- 
age of the pointing instrument is taken by the first polar- 
ized light ray, and to judge the pointing instrument as 
the second pointing instrument when the image of the 
pointing instrument is taken by the second polarized 
light ray. 
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Description 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0001] The present invention relates to an optical dig- 
itizer, which detectsthe position coordinates whereafin- 
ger, a stylus or a pointing stick (hereinafter refer to as a 
pointing instrument) points on a coordinate plane, and 
more specifically, to an optical digitizer, which recogniz- 
es kinds of pointing instruments and enables an input 
by a finger or a pen. 

(2) Description of the Related Art 

[0002] In recent years, mobile type pen input comput- 
ers, such as PDA, are becoming increasingly popular. 
Many of them have pressure-sensitive resistance mem- 
brane system touch panels placed on front of LCD dis- 
play devices, enabling a user to operate the computer 
and input a drawing by touching the touch panel, or by 
drawing with a finger or a pen, so that the user can use 
it in the same way as a normal pen and a notebook. 
However, in the case of inputting a signature for signa- 
ture verification, or inputting a medical record into a pa- 
tient's file, in which a handwriting input is important, if 
the user touches the touch panel with a hand, it be- 
comes an error input due to the characteristics of the 
touch panel. This is called the hand-touch problem. 
Moreover, in the pressure-sensitive resistance mem- 
brane system touch panel, there are occasions where 
the surface membrane is torn by a pen due to its struc- 
tural characteristics. In order to avoid such problems, 
an optical system digitizer has been proposed in lieu of 
the pressure-sensitive resistance membrane system 
touch panel. 

[0003] Fig. 1 illustrates an example of the convention- 
al optical digitizers. A tunnel mirror 14 is disposed in 
front of an image forming lens 9 for a linear image sensor 
13, and a pair of detecting units, wherein each of the 
units is arranged in such a mannerthat a light axis of an 
LED light source 31 coincides with a light axis of the 
linear image sensor 13, are arranged in the peripheral 
area of a coordinate plane 1 . The tip of a pointing instru- 
ment 2. such as a pen, is wrapped with a tape 22 com- 
posed of a retroreflective material. When a light ray emit- 
ted from LED light source 31 is irradiated on the retro- 
reflective tape 22 at the tip of the pen 2, the incident light 
returns straight back to where it came from due to the 
retroreflective characteristic. The image of this reflected 
light is taken by the right and left side linear image sen- 
sors 13, and converted to an electric signal. The signal 
is then processed at the coordinate computing section 
7 by using the triangulation principle to detect the point- 
ed coordinates of the pen tip. In this case, unless a hand 
intercepts between the pen tip and the image taking 
means, a hand-touch is allowed. However, in this con- 



ventional example, an input by a finger cannot be made. 
Therefore, it cannot be used as a touch pad loaded on 
a notebook-type personal computer or as a simple touch 
panel. 

5 [0004] Another example of a conventional optical dig- 
itizer is illustrated in Fig. 2. In the conventional example 
illuslraled in Fig. 1, the retroreflective material is in- 
stalled at the tip of the pen 2, but in the conventional 
example illustrated in Fig. 2, the retroreflective material 

10 is installed on the frame of the coordinate plane 1. In 
this case, the images in the retroreflective material 4 po- 
sitioned at the two sides of the coordinate plane 1 are 
taken by each of the right and left image sensors 13. In 
other words, the right-side image sensor takes the im- 

15 ages 4a and 4b of the retroreflective material, and the 
left-side image sensor takes the images 4b and 4c, re- 
spectively. When a pointing instrument 20, such as a 
finger, is placed on the coordinate plane 1 , the reflected 
light from the retroreflective material 4 is intercepted by 

20 the pointing instrument 20, and the shadow image 20a 
is detected by the image sensor 13, which makes it pos- 
sible to detect the pointed coordinates of the pointing 
instrument 20. 

[0005] A conventional optical digitizer as illustrated in 
25 Fig. 1 allowed to input by a special pen only, which re- 
quires a pen even for making a simple input through a 
touch panel. Moreover, since it requires a specific pen, 
when it is loaded on a notebook-size personal computer, 
it is often inconvenient for a user. The conventional dig- 
30 itizer as illustrated in Fig. 2 served the purpose as far 
as the inputting by a pen is concerned, but it did not solve 
the hand-touch problem. 

[0006] To solve these problems, the present invention 
aims to provide an optical digitizer, which has the func- 

35 tion to recognize kinds of pointing instruments, and en- 
ables an input by both a finger and a pen. Moreover, the 
invention aims to provide an optical digitizer with a point- 
ing instrument equipped with a plurality of functions by 
installing a supplemental information transmission 

40 means into the pointing instrument. 

SUMMARY OF THE INVENTION 

[0007] In order to accomplish the above mentioned 
45 objectives, the present invention relates to an optical 
digitizer which detects a position coordinate pointed by 
a pointing instrument on a coordinate plane, and has a 
function to recognize a first pointing instrument, which 
is not equipped with a retroreflective material, from a 
50 second pointing instrument, which is equipped with the 
retroreflective material at its tip, wherein the optical dig- 
itizer is comprised of a light source for emitting a light 
ray, an image taking means, which is placed in the pe- 
riphery of the coordinate plane to take an image of the 
55 pointing instrument by using the light ray of the light 
source and convert the taken image into an electrical 
signal, a computing means for computing the position 
coordinates by processing the electrical signal convert- 
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ed by the image taking means, a light polarization 
means which is provided at the light source for polarizing 
the emitted light from the light source into a first polar- 
ized light or a second polarized light., a switching means 
with which irradiating light to the coordinate plane is 5 
switched lo Ihe firsl polarized light or Ihe second polar- 
ized light., a retroreflective material having relroreflec- 
tive characteristics which is provided on a frame of the 
coordinate plane, a polarizing film installed in front of 
the retroreflective material and having a transmitting ax- w 
is to cause the first polarized light to be transmitted, and 
a judging means for judging the pointing instrument as 
a first pointing instrument if the image of the instrument 
is taken by the first polarized light, and for judging the 
pointing instrument as a second pointing instrument if 15 
the image of the instrument is taken by the second po- 
larized light. 

[0008] The light source means is comprised of two 
sources, and the polarizing means is comprised of the 
first polarizing means : which allows the first polarized 20 
light to transmit, and the second polarizing means, 
which allows the second polarized light to transmit, both 
the polarizing means being installed at each light 
source, and the first polarized light and the second po- 
larized light are alternately illuminated by irradiating the 25 
two light sources alternately through the switching 
means. 

[0009] It may also be arranged that the polarizing 
means comprises a first polarizing means, which allows 
the first polarized light to transmit, and a liquid crystal 30 
plate, so that the first polarized light and the second po- 
larized light are illuminated by switching voltages ap- 
plied to the liquid crystal plate by a switching means. 
[0010] Further, the present invention relates to an op- 
tical digitizer which has a function to recognize kinds of 35 
a pointing instrument, wherein the optical digitizer is 
comprised of a light source to emit a light ray, an image 
taking means, installed in the peripheral area of the co- 
ordinate plane to take an image of the pointing instru- 
ment by using the light ray of the light source and to 40 
convert the taken image into an electrical signal, a cal- 
culation means to compute the pointed position coordi- 
nates by processing the converted electrical signal 
through the image taking means, a polarizing means 
which is installed in the image taking means to make the 45 
incident light as the first polarized light or the second 
polarized light, a dividing means to divide the incident 
light to the image taking means, a retroreflective mate- 
rial installed at the frame of aforementioned coordinate 
plane, which has retroreflective characteristics, a polar- so 
izing film which is installed in front of the retroreflective 
material, having a transmitting axis to cause the first po- 
larized light ray to be transmitted, and a judgment 
means which judges the pointing instrument as a first 
pointing instrument if the image of the instrument is tak- 55 
en by the first polarized light, as a second pointing in- 
strument if the image of the instrument is taken by the 
second polarized light, and as the second pointing in- 



strument if the image of the instrument is taken by both 
the first and the second polarized light. 
[001 1 ] The present invention further relates to an op- 
tical digitizer wherein the light source means is com- 
prised of two light sources., further having a third polar- 
izing means to cause the first polarized light lo be trans- 
mitted, and a fourth polarized means lo cause the sec- 
ond polarized light to be transmitted, both of them are 
installed at each of the two light sources, the optical dig- 
itizer further having a switching means to cause the two 
light sources alternately to be emitted, the second point- 
ing instrument having a liquid crystal material at its tip. 
the optical digitizer further having a judging means to 
judge the state of the second pointing instrument in the 
case where the image of the pointing instrument is taken 
by the second polarized light, by the polarized light 
which comes into the image taking means in which the 
polarized light changes by the voltage applied to the liq- 
uid crystal material. 

[0012] The first polarized light ray may be a vertically 
polarized light ray and the second polarized light ray 
may be a horizontally polarized light ray 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The above descriptions and other objects, fea- 
tures and advantages of the present invention will be 
apparent from the following description of the preferred 
embodiments of the invention explained with reference 
to the accompanying drawings, in which: 

Fig. 1 is a diagrammatic view of a conventional op- 
tical digitizer which uses a reflective type pen; 
Fig. 2 is a diagrammatic view of a conventional op- 
tical digitizer which enables an input by a finger; 
Fig. 3 is a plane view showing a first embodiment 
of the optical digitizer in accordance with the 
present invention; 

Fig. 4 is a side view of the first embodiment of the 
optical digitizer shown in Fig. 3; 
Fig. 5 is a flow chart to show the operation of the 
first embodiment shown in Fig. 3 in accordance with 
the present invention; 

Fig. 6 is a plane view of a second embodiment of 
the optical digitizer in accordance with the present 
invention; 

Fig. 7 is a side view of the second embodiment of 
the optical digitizer as shown in Fig. 4 in accordance 
with the present invention; 
Fig. 8 is a plane view of a third embodiment of the 
optical digitizer in accordance with the present in- 
vention; 

Fig. 9 is a plane view of a fourth embodiment of the 
optical digitizer in accordance with the present in- 
vention: 

Fig. 1 0 is a plane view of a fifth embodiment of the 
optical digitizer in accordance with the present in- 
vention; and 
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Fig. 11 is a diagrammatic view of a pen used in the 
fifth embodiment of the optical digitizer shown in 
Fig. 10 in accordance with the present invention. 

DESCRIPTION OFTHE PREFERRED EMBODIMENT 

[001 4] With reference to the accompanying drawings, 
preferred embodiments of the invention will be ex- 
plained hereunder. 

[0015] Fig. 3 is a diagrammatic plane view to show a 
first embodiment of the optical digitizer in accordance 
with the present invention, and Fig. 4 is its schematic 
side view. Each detecting unit 3 is comprised of a light 
source, a linear image sensor 13, a lens 9 to forrn an 
image thereon, and a tunnel mirror 14 in which the light 
axis of the light source and the light axis of the linear 
image sensor are arranged to coincide. Although the 
fact that a retroreflective material 4 installed at the frame 
surrounding the coordinate plane 1 is basically the same 
as the prior art shown in Fig. 2, the characteristics of the 
present invention are that two LEDs 31 and 32 are used 
as the light source, polarizing films 41 , 42 in which po- 
larizing axes are orthogonal therebetween, are provided 
to the LEDs, and a polarizing film 40 is further installed 
in front of the retroreflective material 4. In the present 
embodiment, the detecting units on the right and left are 
identical in their configuration, so that only one is de- 
scribed and the explanation of the other is omitted. For 
each of the polarizing films, the vertically polarizing film 
40 which allows vertically polarized light rays to be trans- 
mitted, the vertically polarizing film 41 which allows ver- 
tically polarized light rays to be transmitted, and the hor- 
izontally polarizing film 42 which allows horizontally po- 
larized light rays to be transmitted will be described, but 
not limited to this description here as the reversed ar- 
rangement between vertically and horizontally can at- 
tain the same effect. The tunnel mirror can also employ 
a half mirror or a pin hole or the like, or it is permissible 
to arrange the light source and the image sensor at an 
extremely close distance, thus an appropriate modifica- 
tion can be made. 

[0016] The LED 31 is equipped with the vertically po- 
larizing film 41 , and the LED 32 is equipped with the hor- 
izontally polarizing film 42 respectively, and the light 
emissions of the LEDs 31 and 32 are switched by a po- 
larized light switching device 35 in order to alternately 
illuminate the vertically polarized light and the horizon- 
tally polarized light on the coordinate plane 1 . The light 
ray emitted from the light source enters into the coordi- 
nate plane 1 by the tunnel mirror 14. In the case where 
the LED 32 is illuminated by the polarized light switching 
device 35 to cause the horizontally polarized light to en- 
ter into the frame of the coordinate plane 1 , no image is 
taken by the image sensor 13 since there is no reflection 
from the retroreflective material 4 because of the pres- 
ence of the vertically polarizing film 40 in front of the 
retroreflective material. In the case where the LED 31 is 
illuminated to cause the vertically polarized light to enter 



into the frame of the coordinate plane 1 , the light trans- 
mits through the vertically polarizing film 41 and enters 
into the retroreflective material 4, and returns in the 
same direction as the direction in which the light came 
5 from, so that at each of the image sensors 1 3 at the right 
and the left, the image of the retroreflective material po- 
sitioned at two sides of the coordinate plane 1 is reflect- 
ed. In other words, by the right image sensor, the images 
of the retroreflective materials 4a and 4b are taken, and 
10 by the left image sensor, the images of the retroreflective 
materials 4b and 4c are taken, respectively. In the case 
where a finger 20 is placed on the coordinate plane 1 
as a pointing instrument while causing the LED 31 to 
illuminate and to emit the horizontally polarized light 
15 rays, the reflected light from the retroreflective material 
4 is blocked by the finger 20, and the image of its shadow 
20a is taken by the image sensor 13. On the other hand, 
in the case where the pen 2 equipped with the retrore- 
flective material 22 at its tip is placed on the coordinate 
20 plane 1 as the pointing instrument while causing the 
LED to illuminate and to emit the horizontally polarized 
light rays, there is no reflected light from the retroreflec- 
tive material 4 at the frame of the coordinate plane 1 , so 
that only the reflected light from the retroreflective ma- 
25 terial 22 of the pen 2 is taken by the image sensor 13. 
By conducting the image taking in this manner from the 
right and leftsides ; and converting the images into elec- 
trical signals, then, from these image signals from the 
right and left angles, the microprocessor in a coordinate 
30 computing section 7 will determine the two dimensional 
coordinates (X, Y) by using the triangulation principle. 
[001 7] The pointing instrument judging section 8 judg- 
es whether the pointing instrument is a finger or a pen 
from the state of the polarization switching device 35 
35 and the taken image signals. In other words, in the case 
where the image of the pointing instrument is taken by 
the sensor 13 when the vertically polarized light ray is 
illuminated, thefinger20, and in the case where the im- 
age of the pointing instrument is taken by the image sen- 
40 sor 1 3 when the horizontally polarized light ray is illumi- 
nated, then it is judged as the pen 2. 
[001 8] Fig. 5 shows a flow chart to explain the opera- 
tion of the first embodiment of the optical digitizer in ac- 
cordance with the present invention as illustrated in Fig. 
45 3. First, the polarized light switching device 35 is 
switched to cause the LED 32 to emit light that illumi- 
nates the horizontally polarized light rays (Step S1). 
Next, the checking is made whether the reflected light 
from the retroreflective material 22 installed at the tip of 
so the pen 2 is detected or not (Step S2). In the case where 
the retroreflective light from the retroreflective material 
22, installed at the tip of the pen 2, is detected, the pen 
coordinate computing process is conducted (Step S5), 
the pointed position coordinates of the pen are detected, 
55 and the same procedure is repeated by returning to Step 
S2. On the other hand, in the case where the retrore- 
flective light from the retroreflective material 22, in- 
stalled at the tip of the pen 2, is not detected, the polar- 
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ized light switching device 35 is switched and the LED 
31 is made to emit the light, and the vertically polarized 
light rays are illuminated (Step S3). Next, the checking 
is made whether the reflected light from the retroreflec- 
tive material 4 installed at the frame of the coordinates 
plane 1 is blocked by the ringer 20 : and the image of its 
shadow 20a is delected or not (Step S4). In the case 
where the image of the shadow 20a is detected, the fin- 
ger coordinates computing process is conducted (Step 
S6) : and after detecting the pointed position coordinates 
of the finger, the step returns to Step S1 . In the case 
where the shadow image 20a is not detected., the step 
returns to Step S1 , and the existence or non-existence 
of the reflected light from the retro reflective material of 
the pen is detected. Subsequently., this procedure is re- 
peated at a high speed. 

[0019] In this way the optical digitizer in accordance 
with the present invention first detects the existence or 
non-existence of the pen which has the retroreflective 
material. If the pen is detected, then the coordinate com- 
puting process is conducted. If the pen is not detected, 
then, the existence or non-existence of the finger is de- 
tected. In this way., what pointing instrument is used can 
be recognized, and then the input with either a finger or 
a pen is available. Moreover, if the existence of a pen is 
detected, even if both a pen and a finger are detected, 
the kinds of the pointing instrument is recognized as the 
pen, so that there is no problem of the hand-touch prob- 
lem during the pen-input. 

[0020] Here, it is also possible to use 1/4 wavelength 
phase contrast film in lieu of the vertically polarizing film 
40 shown in Fig. 3, and install a vertically polarizing film 
in front of the image sensor 13. The 1/4 wavelength 
phase contrast film is one in which, when a lighl goes 
back and forth therethrough, the polarized light is rotat- 
ed at 90 degrees. Therefore, in this case, when the hor- 
izontally polarized light ray is illuminated, the reflected 
light from the retroreflective material 4 becomes a ver- 
tically polarized light ray, so that the image of the finger 
20 as a shadow is taken by the sensor 1 3. On the other 
hand, when the vertically polarized light is illuminated, 
the reflected light from the retroreflective material 4 be- 
comes a horizontally polarized light ray, so that the re- 
flected light from the retroreflective material 4 is not de- 
tected by the image sensor 13. However, if the pen 2 
which has the retroreflective material 22 is on the coor- 
dinate plane 1 , then, because the reflected light from the 
retroreflective material 22 is the vertically polarized light 
ray, its image is taken by the image sensor 13 via the 
vertically polarizing film installed in front of the image 
sensor 13. The configuration in this manner is also ca- 
pable of performing the same operation as the afore- 
mentioned embodiment. 

[0021 ] Fig. 6 is a diagrammatic plane view of the sec- 
ond embodiment of the optical digitizer in accordance 
with the present invention, and Fig. 7 is its schematic 
side view. In these Figures, those which are attached 
with the same reference numbers as for the first embod- 



iment indicate the identical component element. In the 
first embodiment, each detecting unit is configured to 
have a light source and two polarizing films installed in 
it., but in this embodiment, a liquid crystal plate 50 is in- 

5 stalled on top of the horizontally polarizing film 42 in* 
stalled al Ihe LED 32, thereby using one lighl source 
and one polarizing film in each detecting unit. In other 
words, in the first embodiment, by switching the LEDs 
31 and 32, the vertically polarized light ray and the hor- 

10 izontally polarized light ray are illuminated alternately, 
but in this embodiment, by turning on/off the voltage ap- 
plied to the liquid crystal plate 50, the vertically polarized 
light ray and horizontally polarized light ray are illumi- 
nated alternately. The liquid crystal plate 50 used in this 

15 embodiment is comprised of a TN (Twisted Nematic) 
type liquid crystal. The TN-type liquid crystal uses the 
optical rotation (twist) of the light. The one with the ap- 
plied voltage being OFF, and the orientation of the liquid 
crystal molecules being 90 degrees twisted between the 

20 plates (top/bottom) may be used in this embodiment. In 
this manner the light entered into the liquid crystal is 
rotated 90 degrees and passed. When the voltage is ap- 
plied, then the liquid crystal molecules change to the 
same direction (direction between the plates), and the 

25 entered light passes through without being twisted. 
[0022] The light ray from the LED 32 becomes the hor- 
izontally polarized light ray because of the horizontally 
polarizing film 42, and when the voltage is applied to the 
liquid crystal plate 50, the light ray is not rotated and 

30 passes through the liquid crystal plate 50, and the hor- 
izontally polarized light ray enters on the coordinate 
plane 1 . In the case where the voltage is applied to the 
liquid crystal, the polarizing axis is rotated at 90 degrees 
by the liquid crystal plale 50. and the vertically polarized 

35 light ray enters on the coordinate plane 1 . Other opera- 
tions are the same as in the first embodiment, that is, 
the pen 2 is detected by the horizontally polarized light 
ray, and the finger 20 is detected by the vertically polar- 
ized light ray, so that the kinds of the pointing instrument 

40 can be recognized. The present embodiment uses only 
one LED, which has the advantage of making the light 
source small. Moreover, the light axis of the light source 
does not change, so that the position alignment is sim- 
ple, and the computing of the pointed position coordi- 

45 nates does not become complicated, and the margin of 
error becomes small. 

[0023] Fig. 8 is a diagrammatic plane view of a third 
embodiment of the optical digitizer in accordance with 
the present invention. In the aforementioned embodi- 

50 ment, a polarizing film is installed at the light source, but 
in this embodiment, each detecting unit is equipped with 
two image sensors, and the polarizing film is installed at 
the image sensor side. Here, a half mirror 45 is arranged 
in such a way for the light ray from the coordinate plane 

55 1 to enter into each image forming surface of the two 
image sensors 1 3a and 1 3b, and the vertically polarizing 
film 41 and horizontally polarizing film 42 are installed 
to these image sensors 13a and 13b, respectively. In 
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this embodiment, the reflective light of the illuminated 
light on the coordinate plane 1 becomes the vertically 
polarized light ray by the vertically polarizing film 40, 
which is installed at the retroreflective material 4 at the 
frame of the coordinate plane 1 . Consequently, only the 
image sensor 1 3a equipped wilh Ihe vertically polarizing 
film 41 which causes only the vertically polarized light 
ray to be transmitted, takes the image of the reflective 
light of the retroreflective material 4 at the frame of the 
coordinate plane 1. In the case where the finger 20 is 
placed on the coordinate plane 1 as the pointing instru- 
ment, the image of its shadow can be taken by the image 
sensor 1 3a, and the position pointing coordinates of the 
finger 20 can be detected. On the other hand, when the 
pen 2 equipped with the retroreflective material 2 at its 
tip is placed on the coordinate plane 1 , the reflective light 
of the retroreflective material 22 installed at the tip of the 
pen 2 is taken by the image sensor 1 3b through the hor- 
izontally polarizing film 42. In other words, if the pen 2, 
which is equipped with the retroreflective material 22, is 
placed on the coordinate plane 1 , it is detected by the 
image sensor 1 3b, and if the finger 20 is placed, then it 
is detected by the image sensor 1 3a. Thus, it is possible 
to recognize whether the pointing instrument is a pen 
which has a retroreflective material, or a finger. Here, in 
the case where both a pen and a finger are detected 
simultaneously by the image sensors 1 3a and 1 3b : then 
it is judged as the pen input, so that the hand touch is 
allowed. By this configuration, it allows the pointing in- 
strument to be recognized with simple operation and 
high accuracy, without using a polarized light switching 
device : 

[0024] Fig. 9 is a diagrammatic plane view of a fourth 
embodiment of the optical digitizer in accordance with 
the present invention. In the third embodiment, two im- 
age sensors are used ; but in this embodiment, one im- 
age sensor is used, and a liquid crystal plate is installed 
in front of the polarizing film. The horizontally polarizing 
film 42 is installed in front of the image sensor 1 3, and 
the liquid crystal plate 50 is installed in front of the film. 
By turning on/off the voltage applied to the liquid crystal 
plate 50, an image is taken by the image sensor 13 by 
causing the vertically polarized light ray and horizontally 
polarized light ray to be transmitted alternately. In this 
embodiment, too, first the voltage is applied to the liquid 
crystal plate 50, and only the horizontally polarized light 
ray is taken by the image sensor 13. When the pen 2 
which has the retroreflective material 22 is placed on the 
coordinate plane 1, the image of the position pointing 
coordinates of the pen can be taken by the image sen- 
sor. If there is no image to be taken by the image sensor 
13, then the voltage is not applied to the liquid crystal 
plate 50, and the digitizer is set for the state to be able 
to take the image of only the vertically polarizing light 
ray by the image sensor 13. At this time, if the finger 20 
is on the coordinate plane 1 , then the image of the shad- 
ow of the finger 20 is taken by the image sensor 13. 
These operations are the same as those shown in the 
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flow chart in Fig. 5, which is used to illustrate the oper- 
ations for the first embodiment. By configuring the de- 
vice in this way, the number of the image sensors to be 
used, which are relatively expensive, can be reduced in 
5 comparison to the third embodiment, and thus reducing 
the cost of the device. 

[0025] Fig. 1 0 is a diagrammatic plane view of a firth 
embodiment of the optical digitizer in accordance with 
the present invention. Fig. 11 is a detailed drawing of 
10 the pointing instrument to be used in this embodiment. 
The configuration of this embodiment is like a combina- 
tion of the first and second embodiments. In other 
words, each detecting unit uses LEDs 31 and 32 as the 
light sources, and the vertically polarizing film 41a and 
15 the horizontally polarizing film 42a are installed to each 
light source, respectively. Also, two image sensors 13a 
and 1 3b are used as an image taking means, a half mir- 
ror 45 is arranged in such a manner that the light rays 
from the coordinate plane 1 enter into the respective im- 
20 age forming surface, and the vertically polarizing film 
41b and horizontally polarizing film 42b are installed at 
each of the image sensors 13a and 13b. The pen 48, 
which is the pointing instrument used in this embodi- 
ment, is equipped with the retroreflective material 22 at 
25 its tip, and furthermore, as shown in Fig. 11, is surround- 
ed by the liquid crystal material 55. This liquid crystal 
material 55 is to rotate the polarizing direction by 45 de- 
grees depending on the existence or non-existence of 
the applied voltage on it. More specifically, the liquid 
30 crystal material 55 is comprised of the TN-type liquid 
crystal, and the orientation of orientational membranes 
is differentiated by 45 degrees. Consequently, the inci- 
dent light entered into the liquid crystal 55 passes there- 
through wilh a 45 degree rotation depending on the ex- 
35 istence or the non-existence of the applied voltage. As 
in the case of the first embodiment, the LEDs 31 and 32 
are connected to the polarizing light switching device 35 , 
and the two LEDs are caused to be emitted alternately, 
and thus the vertically polarizing light ray and the hori- 
*o zontally polarized light ray are alternately illuminated. 
When the LED 31 emits the light and only the vertically 
polarizing light ray is illuminated, there is reflective light 
from the retroreflective material 4 installed at the frame 
of the coordinate plane 1 via the vertically polarizing film 
45 40, so that the image of the reflected light is taken by 
the image sensor 13a via the vertically polarizing film 
41b. Here, if the finger 20 is placed on the coordinate 
plane 1 , the image of its shadow is taken by the image 
sensor 1 3a, the result is converted into the electrical sig- 
50 nal, and the pointing position coordinates can be detect- 
ed. When the LED is switched by the polarizing light 
switching device 35 and the LED 32 emits the light, the 
horizontally polarizing light is illuminated. Although 
there is no reflected light from the frame of the coordi- 
55 nate plane 1 , if the pen 48, in which the voltage is applied 
to the liquid crystal material installed at its tip, is placed 
on the coordinate plane 1 , the polarizing axis of the hor- 
izontally polarized incident light ray rotates 45 degrees 
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by the liquid crystal material 55. Moreover the light ray 
reflected from the retroreflective material 22 rotates 45 
degrees again by the liquid crystal material 55, so after 
all it rotates 90 degrees and becomes the vertically po- 
larizing light ray, and returns from the pen 48. In this 5 
case, the position pointing coordinates of the pen can 
be detected by the image sensor 13a via the vertically 
polarizing film 41 b. By pressing the switch 25 of the pen 
48, the voltage is applied to the liquid crystal material 
55, then the light passes straight through the liquid crys- 10 
tal material 55. and the reflected light from the retrore- 
flective material 22 enters into the image sensor 13b via 
the horizontally polarizing film 42b. In this case, the po- 
sition pointing coordinates of the pen can be detected 
by the image sensor 13b. 15 
[0026] By configuring in this way. at least three kinds 
of pointing instruments can be recognized. In other 
words, the differences in the finger 20, the pen 48 with- 
out being applied voltage, and the pen 48 with being ap- 
plied voltage can be recognized, so that the supplemen- 20 
tal information on the pointing instrument, for example, 
may be transmitted. Therefore, if this embodiment is ap- 
plied to an electronic whiteboard., the normal input by 
pen 48 is to be black color input the input is turned into 
the red input by pressing the switch 25, and further a 25 
finger input is as a function of an eraser so that an ex- 
cellent whiteboard with good input efficiency can be ob- 
tained. 

[0027] The detecting unit section in this embodiment 
can be configured as the fourth embodiment shown in 30 
Fig. 9. By configuring the device in this manner, the 
number of the image sensors to be used may be re- 
duced. 

[0028] The present invention is not limited to the 
above illustrated representations, and may be embod- 35 
ied in several forms without departing from the spirit of 
the essential characteristics thereof. For example, in- 
stead of using the vertically polarizing film 40 as shown 
in Fig. 3, it is possible to configure the device by using 
the retroreflective rhaterial 4 installed at the frame of the 40 
coordinate plane 1 in which the reflective efficiency rate 
is inferior to the reflective efficiency rate of the retrore- 
flective material installed at the tip of the pen 2. In this 
case, the kinds of the pointing instruments can be rec- 
ognized by the strength of the light ray of the image tak- 45 
en by the image sensor 13. In other words, when an im- 
age of a light ray is stronger than the predetermined 
threshold level, it is judged to be the reflective light com- 
ing from the retroreflective material 22 installed at the 
tip of the pen 2, and the pen coordinate computing proc- 50 
ess is conducted. In the case where a light ray weaker 
than the threshold level is detected, it is judged that 
there is no pen on the coordinate plane 1 , and the light 
is judged to be the reflective light from the retroreflective 
material 4 installed at the frame of the coordinate plane 55 
1 . Then it judges whether a shadow 20a exists ; and if 
there is a shadow, then the finger coordinate computing 
process is conducted. By configuring the device in this 



manner the recognization of the kinds of the pointing 
instruments may be achieved as in the cases of the 
aforementioned embodiments. 

[0029] As described heretofore, the optical digitizer in . 
accordance with the present invention has the recogniz- 
ing function of the kinds of the pointing instruments, to 
enable the input either by a pen or by a finger. In the 
case of the pen input, this invention is free from the 
hand-touch problem. Moreover, the present invention 
allows for the transmittance of supplemental informa- 
tion, it is possible to cause a pen to have a plurality of 
functions. 

[0030] While a preferred embodiment of the invention 
has been described using specific terms, such descrip- 
tion is for illustrative purposes only and it is to be un- 
derstood that changes and variations may be made 
without departing from the spirit or the scope of the fol- 
lowing claims. 



Claims 

1 . An optical digitizer with a function to recognize kinds 
of pointing instruments (2,20) for detecting pointing 
position coordinates of the pointing instrument on a 
coordinate plane (1), said pointing instruments in- 
cluding a first pointing instrument (20) not equipped 
with a retroreflective material at a tip of said first 
pointing instrument, and a second pointing instru- 
ment (2) equipped with a retroreflective material 
(22) at a tip of said second pointing instrument, said 
optical digitizer being characterized by comprising: 

a light source means (31 ,32;32) which emits a 
light ray; 

an image taking means (13) which is positioned 
at a periphery of said coordinate plane, and 
which is adapted to use said light ray of said 
light source to take an image of said pointing 
instrument and to convert it into an electrical 
signal; 

a computing means (7) which processes said 
electrical signal converted by said image taking 
means, and which computes said pointing po- 
sition coordinates of said pointing instrument; 
a polarizing means (41 ,42;42,50) which is in- 
stalled at said light source means, and which is 
adapted to make said light ray emitted from said 
. light source means as one of a first polarized 
light ray and a second polarized light ray; 
a switching means (35) which switches said 
light ray emitted to said coordinate plane into 
one of said first polarized light ray and said sec- 
ond polarized light ray; 

a retroreflective means (4) which is installed at 
a frame of said coordinate plane, and which has 
retroreflective characteristics; 
a polarizing film (40) which is installed in front 
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of said retroreflective means, and which has a 
transmitting axis to cause said first polarized 
light ray to be transmitted; and 
a judging means (8) which judges said pointing 
instrument as said first pointing instrument if 5 
said image of said pointing instrument is taken 
by said first polarized light ray, and which judg- 
es said pointing instrument as said second 
pointing instrument if said image of said point- 
ing instrument is taken by said second polar- 10 
ized light ray. 

2. An optical digitizerwith afunction to recognize kinds 
of pointing instruments as claimed in claim 1, 
wherein said light source means comprises two *5 
light sources (31,32), and wherein said polarizing 
means comprises a first polarizing portion (41) 
which causes said first polarized light ray to be 
transmitted, and a second polarizing portion (42) 
which causes said second polarized light ray to be 20 
transmitted, said first and second polarizing por- 
tions being installed at said two light sources re- 
spectively, and said first polarized light ray and said 
second polarized light ray being irradiated by 
switching an irradiation of said two light sources 25 
through said switching means. 

3. An optical digitizerwith afunction to recognize kinds 
of pointing instruments as claimed in claim 1, 
wherein said polarizing means comprises a first po- 30 
larizing portion (42) which causes said first polar- 
ized light ray to be transmitted, and a liquid crystal 
plate (50) , and irradiates said first polarized light ray 
and said second polarized light ray by switching a 
voltage applied to said liquid crystal plate through 35 
said switching means. 

4. An optical digitizerwith afunction to recognize kinds 
of pointing instruments as claimed in claim 2, 
wherein said first polarized light ray is a vertically *o 
polarized light ray, and said second polarized light 
ray is a horizontally polarized light ray. 

5. An optical digitizerwith afunction to recognize kinds 

of pointing instruments as claimed in claim 3, *s 
wherein said first polarized light ray is a vertically 
polarized light ray, and said second polarized light 
ray is a horizontally polarized light ray. 

6. An optical digitizerwith a function to recognize kinds so 
of pointing instruments (2,20 ;48) for detecting point- 
ing position coordinates of the pointing instrument 

on a coordinate plane (1 ), said pointing instruments 
including a first pointing instrument (20) not 
equipped with a retroreflective material at a tip of 55 
said first pointing instrument, and a second pointing 
instrument (2) equipped with a retroreflective mate- 
rial (22) at a tip of said second pointing instrument, 



said optical digitizer being characterized by com- 
prising: 

a light source means (31 :31 ,32) which emits a 
light ray; 

an image taking means (13a,13b;13) which is 
positioned al a periphery of said coordinate 
plane, and which is adapted to use said light 
ray of said light source to take an image of said 
pointing instrument and to convert it into an 
electrical signal; 

a computing means (7) which processes said 
electrical signal converted by said image taking 
means, and which computes said pointing po- 
sition coordinates of said pointing instrument; 
a polarizing means (41 ; 42;42,50) which is in- 
stalled at said image taking means, and which 
polarizes incident light into said image taking 
means as one of a first polarized light ray and 
a second polarized light ray; 
a dividing means (45;35) which divides said in- 
cident light to said image taking means; 
a retroreflective means (4) which is installed in 
a frame of said coordi nate plan e, and which has 
retroreflective characteristics; 
a polarizing film (40) which is installed in front 
of said retroreflective means, and which has a 
transmitting axis to cause said first polarized 
light ray to be transmitted; and 
a judging means (8) which judges said pointing 
instrument as said first pointing instrument if 
said image of said pointing instrument is taken 
by said first polarized light ray, which judges 
said pointing instrument as said second point- 
ing instrument if said image of said pointing in- 
strument is taken by said second polarized light 
ray, and which judges said pointing instrument 
as said second pointing instrument if said im- 
age is taken by both said first polarized light ray 
and said second polarized light ray. 

7. An optical digitizer with a function to recognize kinds 
of said pointing instruments as claimed in claim 6, 
wherein said image taking means comprises two 
image taking devices (13a, 13b), wherein said po- 
larizing means comprises a first polarizing portion 
(41 ) which causes said first polarized light ray to be 
transmitted, and a second polarizing portion (42) 
which causes said second polarized light ray to be 
transmitted, and wherein said dividing means com- 
prises a half mirror (45), thereby causing said inci- 
dent light into said image taking means to enter into 
said first polarizing portion and said second polar- 
izing portion respectively by said half mirror, and 
said image of said first polarized light ray and said 
second polarized light ray being taken by each im- 
age taking device. 
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8. An optical digitizer with a function to recognize kinds 
of pointing instruments as claimed in claim 6, 
wherein said polarizing means comprises a first po- 
larizing portion (42) which causes said first polar- 
ized light to be transmitted, and a liquid crystal plate 5 
(50) : said first polarized light ray and said second 
polarized light ray entering into said image taking 
means by switching voltages applied to said liquid 
crystal plate through said dividing means (35). and 
said image of each incident light being taken alter- 10 
nately by said image taking means. 

9. An optical digitizer with a function to recognize kinds 
of pointing instruments as claimed in claim 6, 
wherein said light source means comprises two 15 
light sources (31 ..32), and wherein said optical dig- 
itizer further comprises a third polarizing portion 
(41a) which causes said first polarized light ray to 

be transmitted and is installed at one of said two 
light sources, a fourth polarizing portion (42a) which 20 
causes said second polarized light ray to be trans- 
mitted and installed at the other of said two light 
sources, and a switching means (35) to cause said 
two light sources to emit light rays alternately said 
second pointing instrument being equipped with a 25 
liquid crystal material (55) and : said optical digitizer 
still further comprising a judging means (8) to judge 
in the case where.said image of said second point- 
ing instrument is taken by said second polarized 
light ray, a state of said second pointing instrument 30 
by incident polarized light which enters into said im- 
age taking means, and which varies in accordance 
with a voltage applied to said liquid crystal plate. 

10. An optical digitizer with a function to recognize kinds 35 
of said pointing instruments as claimed in claim 7, 
wherein said first polarized light ray is a vertically 
polarized light ray, and said second polarized light 

ray is a horizontally polarized light ray. 

40 

11 . An optical digitizer with a function to recognize kinds 
of said pointing instruments as claimed in claim 8, 
wherein said first polarized light ray is a vertically 
polarized light ray and said second polarized light 

ray is a horizontally polarized light ray. 45 

12. An optical digitizerwith afunction to recognize kinds 
of said pointing instruments as claimed in claim 9, 
wherein said first polarized light ray is a vertically 
polarized light ray, and said second polarized light 50 
ray is a horizontally polarized light ray. 

13. An optical digitizerwith a function to recognize kinds 
of pointing instruments (2,20) for detecting pointing 
position coordinates of the pointing instrument on a 55 
coordinate plane (1), said pointing instruments in- 
cluding a first pointing instrument (20) not equipped 
with a retroreflective material at a tip of said first 



pointing instrument, and a second pointing instru- 
ment (2) equipped with a retroreflective material 
(22) at a tip of said second pointing instrument said 
optical digitizer being characterized by comprising: 

a light source (31 ,32) which emits a light ray; 
an image taking means (13) which converts an 
image into an electrical signal after taking an 
image of said pointing instrument by using said 
light ray of said light source; 
a computing means (7) which computes said 
pointing position coordinates by processing 
said electrical signal converted by said image 
taking means; 

a polarizing means (41 ,42) which is installed at 
said light source, and which is adapted to make 
said light ray emitted by said light source as one 
of a first polarized light ray and a second polar- 
ized light ray; 

a switching means (35) which switches said 
light ray emitted to said coordinate plane into 
one of said first polarized light ray and said sec- 
ond polarized light ray; 

a retroreflective means (4) which is installed in 
a frame of said coordinate plane, and which has 
retroreflective characteristics; 
a 1/4 wavelength phase contrast film which is 
installed in front of said retroreflective means; 
a polarizing film which is installed in front of said 
image taking means, and which has a transmit- 
ting axis to cause said first polarized light ray 
to be transmitted; and 

a judging means (8) which judges said pointing - 
instrument as said first pointing instrument if 
said image of said pointing instrument is taken 
by said second polarized light ray, and which 
judges said pointing instrument as said second 
pointing instrument if said image of said point- 
ing instrument is taken by said first polarized 
light ray 

14. An optical digitizerwith afunction to recognize kinds 
of pointing instruments as claimed in claim 13, 
wherein said first polarized light ray is a vertically 
polarized light ray and said second polarized light 
ray is a horizontally polarized light ray. 

15. An optical digitizerwith a function to recognize kinds 
of pointing instruments (2,20) for detecting pointing 
position coordinates of the pointing instrument on a 
coordinate plane (1), said pointing instruments in- 
cluding a first pointing instrument (20) not equipped 
with a retroreflective material at a tip of said first 
pointing instrument, and a second pointing instru- 
ment (2) equipped with a retroreflective material 
(22) at a tip of said second pointing instrument, said 
optical digitizer being characterized by comprising: 
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a light source (31 ,32) which emits a light ray; 
an image taking means (1 3) which is positioned 
at a periphery of said coordinate plane, and 
which is adapted to use said light ray of said 
light source to take an image of said pointing 5 
instrument and to convert il into an electrical 
signal; 

a computing means (7) which computes said 
pointing position coordinates by processing 
said electrical signal converted by said image 10 
taking means; 

a retroreflective means (4) which is installed in 
a frame of said coordinate plane, and which has 
a retroreflective efficiency inferior to that of said 
retroreflective material of said second pointing 15 
instrument; and 

judging means (8) which judges said pointing 
instrument as said first pointing instrument if 
said image of said pointing instrument is taken 
by a light ray weaker than a predetermined 20 
threshold level, and which judges said pointing 
instrument as said second pointing instrument 
if said image of said pointing instrument is tak- 
en by a light ray stronger than a predetermined 
threshold level. 25 
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